SPECIFICAITON 

CONSTRUCTION MACHINE 

TECHNICAL FIELD 

The present invention relates to a construction machine such as a 
hydrauHc excavator or a crane and more particularly to a construction 
machine of a low noise type with reduced engine noise. 

BACKGROUND ART 

In a hydraulic excavator as^a construction machine according to the 
prior art, a hydraulic pump for the supply of pressure oil to a hydravdic 
drive system such as a working attachment is driven by an engine, and a 
radiator is used for coohng the engine. The radiator is cooled by a coohng 
fan disposed downstream of and in proximity to the radiator. Heat 
radiating devices, including the hydraulic pump, other than the engine are 
air-cooled by contact therewith of coohng air which has been used to cool the 
radiator. As to the working fluid, it is cooled by an oil cooler disposed in 
series with the radiator. 

Cooling air for cooling heat exchangers such as the radiator and the 
oil cooler both referred to above is usually introduced through an intake 
opening portion formed in a side face of an engine guard and exhaust air 
after heat exchange is discharged to the exterior through an exhaust 
opening portion formed in an upper surface of the engine guard. 

In such a coohng structure, the intake opening portion is usually 
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disposed in opposition to the heat exchanger, so that engine noise including 
noise of the coohng fan leaks directly from the intake opening portion to the 
exterior, causing noise in the exterior. 

With a view to diminishing the leakage of engine noise to the 
exterior there has been proposed a soimdproof device wherein a spHtter 
sound deadening device is disposed in close contact with a radiator opening 
portion [see, for example, pages (3) and (4), Figs. 4 and 6, of Japanese 
Patent Laid-Open Pubhcation No. Hei 6-144022 (Patent Document l)]. 

In the sputter sound deadening device, a duct-shaped box member is 
attached to a passage of exhaust air which is discharged from a radiator by 
an extrusion coohng fan and then discharged from an exhaust opening 
portion of an engine guard, the interior of the box member is partitioned to a 
plurahty of exhaust air chambers, and a sound absorbing material is affixed 
to the inner wall of each exhaust air chamber to reduce noise. 

On the other hand, as an arrangement wherein an intake opening 
portion and a radiator are not opposed to each other, there has been 
proposed an arrangement wherein a duct connected between an intake 
opening portion and a radiator is bent in to an L shape and the intake 
opening portion is disposed toward the center of the machine body [see, for 
example, page (2), Fig. 1, of Japanese Patent Laid-Open Pubhcation No. Hei 
8-218869 (Patent Document 2)]. 

DISCLOSURE OF THE INVENTION 

Although in Patent Document 1 is disclosed a sound deadening 
measure for an exhaust air port of the radiator, no disclosure is found 



therein about reducing engine noise leaking to the exterior from the intake 
opening portion which is for introducing air into the machine body. 
Moreover, according to the structure described in Patent Document 1, in 
order to reduce engine noise, the radiator overlies the engine by one stage 
and the exhaust air port is shifted downward relative to the extrusion 
cooling fan of the radiator. In such an arrangement, however, since the 
radiator and the exhaust air port are shifted from each other, the radiator 
must be positioned higher than the usual position thereof, with an 
inconvenient result that an upper surface of a body cover must be set high 
accordingly. Such a remarkable increase in height of the upper surface of 
the body cover can be an obstacle to a backward visual field from the 
operator's seat and therefore it is desired to suppress such an increase. 

On the other hand, in the soundproofing structure described in 
Patent Document 2, a fan is disposed sideways and an intake opening 
portion is formed in an upper surface of a body cover and a duct for 
connection between the fan and the intake opening portion is largely bent at 
an angle of 90° or more within a narrow region. Consequently, not only the 
air flow resistance increases, but also noise is muffled in the central portion 
of the machine body and reflects upward, thus giving rise to the problem 
that a louder noise is generated upward or the muffled noise is propagated 
to a cabin to increase the internal noise of the cabin without reducing the 
cooling performance. 

The present invention has been accomphshed in view of the above- 
mentioned problems encountered in the conventional soundproofing 
structures and provides a construction machine able to reduce engine noise 
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effectively without causing deteiioration of cooHng performance and while 
suppressing an increase in height of a body cover. 

More spedficaUy, according to the present invention there is 
provided a construction machine comprising a lower traveling body, an 
upper rotating body mounted rotatably on the lower traveling body, and an 
engine room disposed in the upper rotating body and covered with a body 
cover, with coohng air being introduced from an air-intake opening portion 
formed in the body cover by operation of a cooling fan disposed within the 
engine room to cool a heat exchanger accommodated within the body cover 
and exhaust air after heat exchange being discharged from an exhaust 
opening portion formed in the body cover, wherein the air intake opening 
portion includes an offset opening portion, the offset opening portion being 
offset disposed or shifted in a lateral direction relative to a vent surface of 
the heat exchanger so as to protrude at least partially from the vent surface 
of the heat exchanger when the inside of the body cover is seen through the 
air-intake opening portion in a direction orthogonal to the surface of the 
body cover with the air intake opening portion formed therein. 

According to this configuration, upon operation of the coohng fan, 
the coohng air is introduced into the machine body from the air intake 
opening portion which is disposed obhquely lateraUy relative to the heat 
exchanger and is heat-exchanged while passing through the heat exchanger, 
then the cooling air after the heat exchange is discharged to the exterior of 
the machine through the exhaust opening portion. In this case, the air- 
intake opening portion is formed as an offset opening portion which is offset 
disposed in a lateral direction relative to the vent surface of the heat 



exchanger so that at least a part of the air-intake opening portion protrudes 
from the vent surface when the inside of the body cover is seen through the 
air-intake opening portion in a direction orthogonal to the surface of the 
body cover with the air-intake opening portion formed therein. Therefore, 
a part or the whole of the front face of the heat exchanger is shielded by the 
body cover connected to the air-intake opening portion, whereby the direct 
leakage of engine noise to the exterior is suppressed and engine noise is so 
much reduced. Besides, since the offset direction of the offset opening 
portion is a lateral direction, the aforesaid reduction of engine noise can be 
attained while preventing an increase in height of the body cover. 

lb be more specific, the engine and the heat exchanger may be 
disposed in the transverse direction of the construction machine in the rear 
portion of the upper rotating body and the air intake opening portion may 
be offset disposed on the firont side of the upper rotating body relative to the 
vent surface of the heat exchanger. According to this arrangement, a large 
offset quantity can be ensured on the firont side of the upper rotating body 
without a special increase in size of the body cover. 

There may be adopted a configuration wherein the heat exchanger is 
disposed in proximity to the body cover which covers a rear end portion of 
the upper rotating body and a guide surface for guiding cooling air 
inta^oduced firom the air-intake opening portion to the heat exchanger is 
constituted by the body cover, or a configuration wherein a cabin is provided 
in the upper rotating body at a position ahead of the engine and the heat 
exchanger, the air-intake opening portion is formed at a position between 
the cabin and the vent sui-face of the heat exchanger, an engine guard is 



provided between the air-intake opening portion and the cabin, and a guide 
surface for guiding cooling air introduced from the air-intake opening 
portion to the heat exchanger is constituted by the engine guard. 
According to these configurations, the intake of air can be done smoothly by 
a simple structure even while allowing the vent surface of the heat 
exchanger and the air-intake opening portion to be offset from each other. 

According to the present invention there also is provided a 
construction machine comprising a lower travehng body, an upper rotating 
hody mounted rotatably on the lower traveling body, and an engine room 
disposed in the upper rotating body and covered with a body cover, with 
coohng air being introduced from an air intake opening portion formed in 
the body cover by operation of a cooling fan disposed within the engine room 
to cool a heat exchanger accommodated within the body cover and exhaust 
air after heat exchange being discharged from an exhaust opening portion 
formed in the body cover, wherein the air-intake opening portions are 
provided dispersedly in plural positions and include an offset opening 
portion, the offset opening portion being offset disposed relative to a vent 
surface of the heat exchanger so as to protrude at least partially firom the 
vent surface of the heat exchanger when the inside of the body cover is seen 
through the offset opening portion in a direction orthogonal to the surface of 
the body cover with the offset opening portion formed therein. 

In this configuration, a part or the whole of the firont face of the heat 
exchanger is shielded by the body cover connected to the air-intake opening 
portions, whereby the direct leakage of engine noise to the exterior is 
suppressed and engine noise is so much reduced. Besides, since air-intake 



opening portions are disposed in a dispersed manner, an offset quantity (a 
size protruding to the outside from the vent surface) of the offset opening 
portion included in the air-intake opening portions can be kept smaU as 
compared with the provision of a single air-intake opening portion. As a 
result, it is possible to reduce the engine noise while ensuring large the total 
opening area of the air-intake opening portions and keeping small the 

height of the body cover. 

There may be adopted a configuration wherein the air intake 
opening portions are the offset opening portions which are offset disposed in 
mutually different directions relative to the vent surface of the heat 
exchanger. According to this configuration, the offset quantity of the offset 
opening portions can be dispersed without being offset to a specific direction, 
whereby an increase in size of the body cover can be prevented. 

To be more specific, the offset opening portions may include an offset 
opening portion which is offset disposed verticaUy relative to the vent 
surface of the heat exchanger and an offset opening portion which is offset 
disposed lateraUy relative to the said vent surface. According to this 
configuration, the respective offset opening portions can be disposed in a 
well-balanced manner without being offset to one direction. 

All the air-intake opening portions may be the offset opening 
portions, whereby engine noise can be reduced more effectively. 

In the present invention, in case of air-intake opening portions being 
formed, the air-intake opening portions may include a non offset opening 
portion other than the offset opening portion or a partial offset opening 
portion wherein a part of the opening region is offset disposed to such an 



extent as overlaps with the vent surface of the heat exchanger. In this case, 
there may be adopted a configuration wherein on the inner side of at least a 
pai-t of the air-intake opening portions out of the non offset opening portion 
and the partial offset opening portion there is interposed a shield material 
for shielding between the air-intake opening portion concerned and the vent 
surface of the heat exchanger. According to this configuration it is possible 
to obtain the engine noise reducing effect also with respect to such non- 
offset opening portion or partial offset opening portion. Consequentiy, it is 
possible to attain an effective reduction of engine noise while keeping smaU 
the offset quantity of the air intake opening portion firom the vent surface to 
diminish the occupied area of all the air intake opening portions. 

In case of using the shield material, if a sound absorbing material is 
provided on at least one side face of the shield material, the engine noise 
reducing effect is further enhanced. 

In the present invention, the larger the offset quantity (shifted 
quantity) of the air-intake opening portion, the more outstanding the sound 
deadening effect. An upper-Umit value of the offset quantity may be 
determined on the basis of the internal layout or space of the upper rotating 
body, but as the offset disposed opening portion it is preferable to include 
one which is offset relative to the vent surface of the heat exchanger to the 
extent that, when the vent surface is seen through the offset opening portion 
in a direction orthogonal to the vent surface, the ratio of the vent surface 
capable of being seen is 50% or less of the whole opening area of the offset 
opening portion. 

All the air-intake opening portions may be offset disposed relative to 

8 



the vent surface to the extent that, when the vent surface is seen through 
the offset opening portions in a direction orthogonal to the vent surface, the 
ratio of the vent surface capable of being seen is 50% or less of the whole 
opening area of the offset opening portions. According to this arrangement 
there is obtained a more outstanding engine noise reducing effect. 

Preferably, there is provided guide means for guiding cooUng air 
introduced from the air-intake opening portion to the heat exchanger. 

As the guide means it is effective to use a duct which provides a 
connection between the vent surface and the air-intake opening portion. 

A sound absorbing material may be affixed to the guide means and a 
sputter or cell type sound deadening device may be incorporated within the 
duct. Moreover, an air guide plate for guiding cooHng air introduced from 
the air-intake opening portion to the heat exchanger side may be provided 
within the duct and a sound absorbing material may be affixed to the air 
guide plate. As a result, it is possible to obtain a more outstanding engine 
noise reducing effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of an upper rotating body of a hydrauhc 
excavator to which a soundproofing structure of a construction machine 
according to an embodiment of the present invention is applied; 

Fig. 2 is a perspective view showing an enlarged shape of a duct 

shown in Fig. I'y 

Fig. 3 is a firont view seen from an arrow A in Fig. 2; 

Figs. 4Ato 40 ar e model views for analyzing a soundproof effect 



attained by the present invention; 

Fig. 5 is a graph showing the results of frequency analysis; 

Fig. 6 is a view corresponding to Fig. 1, showing a second 
embodiment of the present invention; 

Fig. 7 is a view corresponding to Fig. 1, showing a third embodiment 

of the present invention; 

Fig. 8 is a view corresponding to Fig. 1, showing a fourth 
embodiment of the present invention; 

Fig. 9 is a view corresponding to Fig. 1, showing a fifth embodiment 

of the present invention; 

Fig. 10 is a firont view showing a sixth embodiment of the present 

invention; 

Fig. 11 is a front view showing a seventh embodiment of the present 
invention; 

Fig. 12 A is a front view showing an eighth embodiment of the 
present invention and Fig. 12B is a sectional side view thereo€ and 

Fig. 13A is a front view showing a ninth embodiment of the present 
invention and Fig. 13B is a sectional side view thereof. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention will be described 

hereinunder with reference to the drawings. 

Fig. 1 is a plan view of an upper rotating body 1 of a hydrauhc 

excavator to which the present invention is applied. 

In the same figure, main firames 2a and 2b extend longitudinaUy and 
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nearly centrally of the upper rotating body 1 and a cabin 3 is disposed on the 
left side of the main frame 2 a. 

An engine guard 9 is disposed behind the cabin 3. 
Further, an engine 4 is disposed in the transverse direction of the hydrauhc 
excavator in the rear portion of the upper rotating body 1 and at a backward 
position the engine guard 9. The engine 4 is accommodated within an 
engine room which is covered with a body cover 8. Within the engine room, 
a coohng fan 5 is disposed on the left side of the engine 4 and a hydraulic 
pump 6 is disposed on the right side of the engine. The cooling fan 5 is of 
the suction type and a radiator (heat exchanger) 7 is disposed upstream of 

the cooling fan 5. 

An air-intake opening portion 10 for the intake of cooling air is 
formed in a cabin-side side waU of the body cover 8 and an exhaust opening 
portion (an air discharge opening portion) 11 for discharging the introduced 
coohng air to the exterior of the machine is formed at a position opposed to 
the hydraxdic pump 6 in the body cover 8. 

In this configuration, upon operation of the cooling fan 5, cooling air 
is introduced into the machine body through the air intake opening portion 
10 formed on the right side of the machine body (see, outhne arrows in the 
figure), then flows rightward through the machine body and, while passing 
through the radiator 7, is heat-exchanged with engine cooling water flowing 
through a heat transfer pipe of the radiator. The cooling air thus heat- 
exchanged is discharged to the exterior of the machine through the exhaust 
opening portion 11. 

Next, a low noise structure which is a characteristic portion of the 
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present invention will be described below with reference to Figs. 2 and 3. 

Fig. 2 iUustrates the low noise structure as seen from the air-intake 

opening portion 10 side. 

In the foUowing description, the same components as in Fig. 1 are 
identified by the same reference numerals as in Fig. 1 and explanations 
thereof will be omitted. 

In Fig. 2, a duct (guide means) 12 is disposed between the air-intake 
opening portion 10 and the radiator 7. The duct 12 connects the air intake 
opening portion 10 and the radiator 7 with each other in an obhque 
direction. More particularly, as wiU be described in detail later, the air- 
intake opening portion 10 is located at a position shifted, or offset, to the 
front side of the upper rotating body 1 relative to the radiator 7, and the 
shape of the duct 12 is set so as to connect the air-intake opening portion 10 
and the radiator 7 with each other in a nearly horizontal direction. 

The duct 12 is in a tubular shape surrounded by a rear wall 12a, a 
front wall 12b, an upper waU 12c, and a lower wall 12d. The rear wall 12a 
is constituted by a part of the body cover 8 which is in an arcuate shape and 
which covers a rear end portion of the upper rotating body 1. The front 
wall 12b is constituted by a part of the engine guard 9. The upper waU 12c 
and the lower wall 12d are constituted respectively by plates which connect 
the rear wall 12a and the firont waU 12b with each other longitudinaUy. 
The height (h) of the duct 12 is set approximately equal to the height of the 
radiator 7. 

That is, the portion of the body cover 8 which constitutes the rear 
waU 12a of the duct 12 and the portion of the engine guard 9 which 
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constitutes the front waU 12b, serve as guide surfaces for guiding cooling air 
introduced from the air-intake opening portion 10 to the radiator 7. 

In the case where a counterweight is disposed at the position of the 
body cover 8 shown in the figure, an inner waU of the counterweight can be 
utilized as the rear surface of the duct, i.e., one of the aforesaid guide 
surfaces. 

The front waU 12b of the duct 12 comprises a vertical plate portion 
12bi disposed in the transverse direction and a vertical plate portion 12b2 
bent obhquely from the right edge of the vertical plate portion 12bi toward 
the radiator 7, i.e. , to the rear side. By thus bending the front waU 12b in a 
chevron shape, a large amount of cooling air is introduced from the air- 
intake opening portion 10 and at the same time the cooling air thus 
introduced is admitted smoothly into the radiator 7. 

If the air-intake opening portion 10 is formed in the upper surface of 
the body cover 8 as in the background art, the duct for connection between 
the intake side opening formed in that upper surface and the radiator 
protirudes at the left rear end of the upper rotating body 1. Meanwhile, as 
in this embodiment, when the air-intake opening portion 10 is positioned 
obhquely in front of the radiator 7 and the duct 12 is formed in a rhombic 
shape in plan, a part of the duct 12 can be constitiited by the arcuate body 
cover 8. Thus, there accrues an advantage that the intake p assage can be 
formed compact. 

Fig. 3 illustrates the duct 12 as seen in a direction orthogonal to a 
vent surface 7a of the radiator 7 (in the direction of arrow A in Fig. 2), i.e., 
as seen sideways of the vehicle body. 
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In the same figure, LI denotes a lateral width of the vent surface 7a 
of the radiator 7, L2 denotes a lateral width of the air-intake opening 
portion 10, L3 denotes an overlap width between the air-intake opening 
portion 10 and the radiator 7, and L4 denotes the difference (=L2-L3) 
between L2 and L3, i.e., a shift distance from the radiator 7 in the air-intake 
opening portion 10. In this case, the range which permits the radiator 7 to 
be seen directly through the air-intake opening portion 10 in the arrow A 
direction is only the range corresponding to the aforesaid overlap width L3. 

Since the air-intake opening portion 10 is thus shifted (offset) with 
respect to the vent surface 7a of the radiator 7, engine noise repeats 
reflection within the duct 12 and there is scarcely any direct leakage of 
sound to the exterior. Further, a sound absorbing material 15 may be 
affixed to the inner waU of the duct 12 as shown in the figure, whereby the 
noise reflected within the duct 12 is absorbed by the sound absorbing 
material 15 and is greatly reduced. 

Next, the following description is now provided about the results of 
analysis of the noise reducing effect attained by the low noise structure of 
this embodiment. 

The analysis was made using models shown in Figs. 4Ato 4C and 
based on a two-dimensional analysis code in the boundary element method. 

Fig. 4A shows a basic model in which an opening as the air-intake 
opening portion is completely deviated fi:om the fi:ont position of the heat 
exchanger. An end portion of the air-intake opening portion is positioned 
away (offset) from the right end B of the heat exchanger as a vibrating end 
to be described later by a distance L' of 250 mm equal to an intake side 
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opening width L of 250 mm. Thus, the heat exchanger and the opening are 

in a 100% offset state. 

Fig. 4B shows a case where the offset quantity U/L is changed in the 

range from 25% to 125%. 

More specifLcaUy, in offsetting to the right side with the right end B 
of the heat exchanger as an axis, the offset quantity U/L was changed to 
125%, 75%, 50% and 25% and the resulting volume of sound reduction was 
measured. 

In the models shown in Figs. 4A and 4B, the area of the vent surface 
and that of the air-intake opening portion are set approximately equal to 
each other. For example, by L'/L = 50%, it is meant that 50% of the area of 
the vent surface is shielded. 

Fig. 4C shows a conventional model as a comparative model, in 

which the offset quantity is 0%. 

Soft urethane foam sheets as sound absorbing materials having 
respectively a thickness (t) of 15 mm and a thickness (t) of 50 mm are 
affixed to the inner waU of the duct and sound absorbing boundary 
conditions are estabhshed on the basis of actuaUy measured sound 
absorption characteristics of the sound absorbing materials. The sound 
absorbing materials are indicated respectively by hatched portions tl5 and 
t50 in the figure. On the other hand, actual machine noise characteristics 
in the vicinity of the heat exchanger, i.e., equal vibrating frequency 
characteristics as a source of sound propagated through the radiator and 
vibrating the cooling fan, were used as a vibrating end. 
Table 1 below shows the results of the analysis. 
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TABLE 1 



L'/L 


S 


Intensity (dB) 


Amount of sound reduction (dB) 


0% 


100% 


147.2 




25% 


75% 


146.2 


1.1 


50% 


50% 


144.1 


3.2 


75% 


25% 


140.2 


7.0 


100% 


0% 


138.9 


8.3 


125% 


0% 


137.5 


9.7 



In Table 1, S represents in what ratio the vent surface of the heat 
exchanger is seen when the same surface is seen through the air-intake 
opening portion in a direction orthogonal to the vent surface. 



Overall values of acoustic intensity and a volume of sound reduction 
in the air-intake opening portion were obtained while changing the amount 
of offeet. The results are shown in Table 1. From the same table it is seen 
that a sound volume reduction of 3 dB, which can be regarded as a 
significant difference, is obtained at an ofiset quantity L'/L of 50% (S=50%) 
and that a sound volume reduction as large as 8.3 dB is obtained at ah offset 
quantity of 100% (S=0%), i.e., at the basic model. 

From the above results of analysis it is seen that a satisfactory 
sound deadening effect can be obtained if the amount of offset between the 
heat exchanger and the air-intake opening portion is set to at least 50% or 
more and that £in extremely high soimd deadening effect can be obtained if 
the amount of offset is set at 100% or more (that is, if an arrangement is 
made in such a manner that the vent surface cannot be seen through the 
air-intake opening portion). 

Next, the low noise structure of the present invention was applied to 
a hydrauHc excavator of 12 -ton class and the level of noise was measured at 
a 1-meter position in front of the air-intake opening portion. 
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In a conventional configuration wlieirein an intake side opening is 
formed in opposition to a radiator, the noise level was 88 dBA, while when 
the basic model of the low noise structure according to the present invention 
was apphed, a measured result of noise level was 79 dBA and thus the 
engine noise could be reduced by 9 dB in comparison with the conventional 
configuration. 

Fig. 5 is a graph showing the results of frequency analysis in the 
above measurement. 

In the graph of Fig. 5, frequency (Hz) is plotted along the axis of 
abscissa and noise level (dBA) is plotted along the axis of ordinate. A 
characteristic SI represents a conventional noise level, while a 
characteristic S2 represents a noise level of an actual machine to which the 
low noise structure of the present invention was apphed. 

As shown in the same graph, in the low noise structure of the 
present invention, the noise level is reduced as a whole in the frequency 
band of 63 to 4000 Hz, and in point of overall value the conventional noise 
level is reduced from 88 dBA to 79 dBA. Particularly, when noise level 
peaks (500 Hz) are compared with each other, it is seen that a peak value 
Sip in the conventional characteristic Si is 85 dBA, while a peak value S2p 
in the characteristic S2 according to the structure of the present invention is 
reduced to 73 dBA. 

The measurement of air flow rate was also performed under the 
same conditions. As a result, the air flow rate at an offset quantity of 0% 
was 111.3 m^/min, while the air flow rate obtained using the basic model 
referred to above was 109 m^/min, which is almost equal to the former value. 
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That is, an air flow rate necessary for bdbiing is ensured. 

Fig. 6 illustrates a low noise structure according to a second 
embodiment of the present invention. In the embodiments which foUow, 
components common to those described in the previous first embodiment 
will be identified by the same reference numerals as in the first embodiment 
and explanations thereof will be omitted. 

In a soundproofing structure shown in Fig. 6, a splitter type sound 
deadening device 16 is disposed within the duct 12 at a position dose to the 
air-intake opening portion 10. The sound deadening device 16 has 
heretofore been known as a kind of a sovind deadening device. In this 
embodiment, the sound deadening device 16 includes partitioning plates 16a 
and 16b for partitioning the interior of the duct 12 . The partitioning plates 
16a and 16b are disposed in a direction paraUel to the engine guard 9 (in an 
inchned direction relative to the vehicular longitudinal direction). A sound 
absorbing material is afBxed to the inside of each of the partitioning plates 
16a and 16b to absorb and deaden the sound energy of acoustic wave 
traveling through the duct 12. 

By thus disposing the sphtter type sound deadening device 16 
within the duct 12 it is possible to increase the sound absorbing area and 
hence possible to enhance the sound deadening efficiency of the duct 12. In 
this embodiment, moreover, since the spHtter type sound deadening device 
16 is disposed only in the vicinity of the air intake opening portion 10 and 
not disposed near the radiator 7, there accrues an advantage that the 
maintenance of the radiator 7 is easy and there is no fear of increasing the 
vent resistance. 
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in case of using a sound deadening devide in the present invention, a 
suitable sound deadening device n.ay be selected irrespective of a concrete 
type thereof and insofar as the vent resistance is not increased. For 
example, there may be used a cell type sound deadening device whose 
section U partitioned in., smaller ceUs than in a>e splitter type and the ceUs 
each lined with a sound absorbing material. 

Fig. 7 illustrates a low noise structure according to a third 
embodiment of the present invention. 

In the low noise structure shown in Fig. 7, as in the above 
embodiments, the air-intake opening portion 10 is formed in a side face of 
the machine body and at a position offset obh.uely forward from the 
radiator 7. 

The air-intake opening portion 10 and the radiator 7 are connected 
together by the duct 12 and a part of an engine guard 17 which constitutes a 
front face of the duct 12 is formed in an arcuate shape. 

Plural air guide plates 18 are disposed along the arcuate shape of 

the engine guard 17. 

With the air guide plates 18 thus disposed near the air-intake 
opening portion 10 in the duct 12. cooling air can be introduced extremely 
smoothly into the machine body and the cooling air thus introduced can be 
introduced into the radiator 7 while its flow is kept uniform by the air guide 
plates 18. consequently, even without an intake side opening in the front 
face of the radiator 7. cooling air can be introduced smoothly into the 
radiator 7 while preventing an increase of the vent resistance in the duct 12. 
Fig. 8 illustirates a low noise structure according to a fourth 
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embodiment of the present invention. 

In the low noise structure shown in Fig. 8, plural air guide plates 19 
are disposed within the duct 12 so as to be positioned upstream of and near 
the radiator 7. 

The air guide plates 19 are each formed in an arcuate shape so that 
the cooling air taken in from the air-intake opening portion 10 is introduced 
smoothly into the radiator 7. 

Fig. 9 illustrates a low noise structure according to a fifth 
embodiment of the present invention. 

In the low noise structure shown in Fig. 9, the aii- guide plates 18 
shown in Fig. 7 and the air guide plates 19 shown in Fig. 8 are connected 
together into air guide partitioning plates 20 to guide cooling air from the 
intake side opening 10 of the duct to the radiator 7, 

By providing the air guide plates 18 or 19 or the air guide 
partitioning plates 20 in the duct 12, as described above, coohng air can be 
introduced efficiently into the radiator 7 even if the air-intake opening 
portion 10 and the radiator 7 are not opposed to each other. 

If a sound absorbing material is affixed to the surfaces of the air 
guide plates 18, 19 and the air guide partitioning plates 20 and also to the 
inner wall of the duct 12, it is possible to attain a further reduction of noise. 

Although in the above embodiments the air intake opening portion 
10 and the radiator 7 are connected together by the duct 12, if partitions are 
provided at least in front and in the rear by the body cover 8 and the engine 
guard 9 both shown in Fig. 1, they function as the guide means defined in 
the present invention and it is possible to obtain a low noise effect. 
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A construction machine according to a sixth embodiment of the 
present invention is shown in Fig. 10. The construction machines of the 
above embodiments are each provided with a single air-intake opening 
portion 10, but in the construction machine of this sixth embodiment two 
air-intake opening portions lOA and lOB are formed at positions offset to 
upper and lower sides with respect to the vent surface of the radiator 7. 

According to this structure, by dividing the air-intake opening 
portion up and down, the opening area of the air intake opening portion lOA 
and that of the air-intake opening portion lOB can be kept small while 
ensuriag the total opening area. Therefore, the amount of protrusion of 
each of the air-intake opening portions lOAand lOB from the vent surface of 
the radiator 7 can also be kept small. As a result, without a great increase 
in height of the body cover 8, the air intake opening portions lOA and lOB 
can be offset to reduce engine noise. 

For example, when a single air intake opening portion is offset to the 
upper side with respect to the vent surface of the radiator 7, an upper 
surface height ofthe body cover 8 must be so much increased. However, if 
the air-intake opening portion is divided into upper and lower opening 
portions lOA, lOB which are offset up and down as shown in the figure, the 
amount of protrusion of the air intake opening portion lOA and that of the 
air-intake opening portion lOB are dispersed up and down, whereby an 
offset layout ofthe air-intake opening portions lOA and lOB can be effected 
with httle change of a height position of the radiator 7 and that of the upper 
surface ofthe body cover 8. As a result, engine noise can be reduced while 
preventing an increase in height of the upper surface of the body cover 8. 



Further, as in Fig. 11 which illustrates a seventh embodiment of the 
present invention, if two air-intake opening portions IOC and lOD are offset 
respectively vertically (to the upper side in the figure) and laterally (to the 
left side in the figure; the front side of the upper rotating body l) with 
respect to the vent surface of the radiator 7, it is possible to ensure a 
required opening area and a reqviired offset quantity while keeping small 
the amount of offset in each direction. That is, a layout of air-intake 
opening portions well-balanced in plural directions can be attained. 

If two air-intake opening portions are offset to the front and rear 
sides, respectively, of the upper rotating body 1, the upper surface height of 
the boy cover 8 can be kept still lower. 

In case of plural air-intake opening portions being formed in the 
present invention, all of the air-intake opening portions need not be offset 
100% with respect to the vent surface of the radiator 7. For example, the 
air-intake opening portions may include a non-offset opening portion other 
than the offset opening portion or a partial offset opening portion wherein a 
part of the opening region is offset disposed to such an extent as overlaps 
with the vent surface of the heat exchanger. 

In this case, there may be adopted a configuration wherein on the 
inner side of at least a part of the air-intake opening portions of the non- 
offset opening portion and the partial offset opening portion there is 
interposed a shield material for shielding between the air-intake opening 
portion concerned and the vent surface of the heat exchanger. According to 
this configuration it is possible to obtain an engine noise reducing effect also 
with respect to the non-offset opening portion or the partial offset opening 
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portion. 

An eighth embodiment of the present invention is illustrated in Figs. 
12A and 12B. In these fibres, laterally long air-intake opening portions 
lOE and lOF are disposed in two stages in the upper portion of the body 
cover 8. The upper air-intake opening portion lOE is offset completely (i.e., 
to the extent of including no portion overlapping the vent surface of the 
radiator 7) to the upper side from the vent surface. Conversely, the lower 
air-intake opening portion lOF is superimposed nearly completely on the 
upper portion of the vent surface of the radiator 7, with the amount of offset 
being nearly zero. Further, a shield plate 22 is disposed so as to shield 
between the air-intake opening portion lOF and the vent surface of the 
radiator 7. 

In the illustrated example, the shield plate 22 includes a support 
portion 22a extending from an upper edge of the air-intake opening portion 
lOF toward the radiator 7 side and a shield portion 22b extending obliquely 
downward toward the radiator 7 from an inner end of the support portion 
22a, the shield portion 22b being interposed between the air-intake opening 
portion lOF and the radiator 7. A sound absorbing material 15 is affixed to 
at least one side (an outer side face located on the air-intake opening portion 
lOF side in the illustrated example) of the shield portion 22b and also to the 
back side of a top wall of the cover 8. On the other hand, the exhaust 
opening portion 11 is formed in a top plate of the body cover 8. 

In this structure, air sucked into the body cover 8 from the air- 
intake opening portion lOE passes as it is above the upper portion of the 
engine 4 or passes through the vent surface of the radiator 7 and is 
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discharged from the exhaust opening portion 11. On the other hand, air 
sucked in from the air-intake opening portion lOF is guided downward by 
the shield plate 22, and then passes through the vent surface of the radiator 
7, further through the engine 4, and is discharged from the exhaust opening 
portion 11. 

At this time, the air-intake opening portion lOE is completely offset 
from the vent surface of the radiator, while the air-intake opening portion 
lOF is Httle offset from the vent surface. However, since the shield portion 
22b of the shield plate 22 is interposed between the air-intake opening 
portion lOF and the radiator 7, the leakage of engine noise through the air- 
intake opening portions lOE and lOF can be suppressed effectively. 
Particularly, since the sound absorbing material 15 is affixed to the shield 
plate 22, the engine noise reducing effect becomes more outstanding. 

Besides, since only the air-intake opening portion lOE out of both 
air-intake opening portions lOE and lOF is offset to the upper side, it is 
possible to prevent an increase in height of the body cover 8 as compared 
with the case where a single air-intake opening portion is completely offset 
from the vent surface of the radiator. 

Further, if the offset direction of the air-intake opening portion is set 
to a lateral direction, it becomes possible to stUl lower the upper surface 
height of the body cover 8. This is shown as a ninth embodiment in Figs. 
13Aand 13B. 

In these figures, vertically long air-intake opening portions lOG and 
lOH are disposed in two right and left rows in the body cover 8 on a side 
portion of the vehicle body. The air-intake opening portion lOG located on 
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the left side (the front side of the upper rotating body l) is offset completely 
(i.e., to the extent of including no portion overlapping with the vent surface) 
to the left side from the vent surface of the radiator 7. Conversely, the air- 
intake opening portion lOH located on the right side (the rear side of the 
upper rotating body l) overlaps with the left side portion of the vent surface 
of the radiator 7 almost completely, with the amount of offset being nearly 
zero. Further, a shield plate 22 is disposed so as to shut off between the 
air-intake opening portion lOH and the vent surface of the radiator 7. 

The shield plate 22 includes a support portion 22a extending from 
the left edge of the air-intake opening portion lOH toward the radiator 7 and 
a shield portion 22b extending from an inner end of the support portion 22a 
obliquely rightward toward the radiator 7a and the shield portion 22b is 
interposed between the air-intake opening portion lOH and the radiator 7. 
The sound absorbing material 15 is affixed to at least one side face (an outer 
side face located on the air intake opening portion lOH ia the illustrated 
example) of the shield portion 22b and also to rear side faces of the engine 
guard 9. On the other hand, the exhaust opening portion 11 is formed in 
the top plate of the body cover 8. 

In this structure, air sucked into the body cover 8 from the air- 
intake opening portions lOG and lOH passes through the vent surface of the 
radiator 7 and the engine 4 and is discharged from the exhaust opening 
portion (not shown). In this case, the air-intake opening portion lOG is 
completely offset fr-om the radiator vent surface, while the air-intake 
opening portion lOH is Httle offset from the radiator vent surface. However, 
since the shield portion 22b of the shield plate 22 is interposed between the 
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air-intake opening portion lOH and the radiator 7, the leakage of engine 
noise to the exterior of the cover through the air-intake opening portions 
lOG and lOH is suppressed efifectively. Particularly, since the sound 
absorbing material 15 is aJBELxed to the shield plate 22, the engine noise 
reducing effect becomes more outstanding. 

The air-intake opening portion in which the shield plate 22 is 
disposed is not always hmited to a completely (100% or more) offset one 
relative to the vent surface of the radiator. For example, also in the case of 
an air-intake opening portion which is offset relative to the radiator vent 
surface to such an extent as partially overlaps the radiator vent surface, it is 
possible to obtain an excellent engine noise reducing effect by interposing a 
shield member such as the shield plate 22 between the radiator vent surface 
and the air-intake opening portion in that overlapping area. 

In the present invention, a concrete number of the air-intake 
opening portion(s) is not hmited. For example, four air-intake opening 
portions may be offset up, down and right, left with respect to the radiator 
vent surface. 

Although in the above embodiments the hydrauhc excavator has 
been described as an example of a construction machine, the present 
invention is not hmited thereto, but is apphcable also to other construction 
machines, including a crane. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention when apphed to a 
construction machine such as a hydrauHc excavator or a crane exhibits a 
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technical efifect such that engine noise can be reduced effectively without 
causing deterioration of the cooling performance for an engine, etc. of the 
construction machine and while keeping low the height of a body cover. 
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